INTRODUCTION
============

In many countries, although not all, half or 1 glass of unsweetened 100% fruit or vegetable juice counts toward 5 portions a day. Yet, some have claimed that fruit juice is little more than a source of sugar, predisposing consumers to weight gain and obesity,[@nuz031-B1]^,^[@nuz031-B2] and have proposed that fruit juice should not be included. The veracity of this argument has been examined, and given advantages in terms of the ease of consumption of juice, it was considered whether a recommendation to consume fruit juice might be a simple and effective means of moving toward the goal of 5 servings a day. It was concluded that 100% fruit juice should be distinguished from juice sweetened with sugar but that daily consumption would benefit large sections of the population.

In this area, the argument has tended to be based on a particular isolated nutrient, usually sugar, but to a lesser extent fiber. There is a need, however, to remember that 100% juice, the topic of this review, does not have added sugar and should be distinguished from sweetened juices and fruit cordials. Nevertheless, the World Health Organization[@nuz031-B3] suggested limiting the levels of free sugars in the diet with the implicit assumption that, for public health purposes, all sources can be added together and treated as one. However, Public Health England,[@nuz031-B4] when they considered the definition of free sugars, commented that current definitions reflected a "limited understanding of the extent to which the cellular structure of different types of processed foods containing naturally occurring sugars is broken down and the differences in the physiological response to sugar consumed in different forms." This includes the sugars found in fruit.

The first objective of this review was to establish the factors that make increasing fruit and vegetable consumption so difficult and to consider the extent to which juice can solve these problems. Then the alleged benefits and alleged negative consequences of drinking juice were examined. To date the debate has centered on sugar and fiber, although meta-analysis finds that additional portions of fruit and vegetables, but also fruit juice, decrease the risk of coronary heart disease and all-cause mortality.[@nuz031-B5]

The wider context is that only a small minority of the population consumes the recommended amount of fruit and vegetables,[@nuz031-B6]^,^[@nuz031-B7] and campaigns to increase intake have had little success. If fruit juice offers the means of adding to efforts to consume 5 servings of fruits and vegetables per day in a more acceptable way than preparing and consuming intact items, should this become a recommended approach, albeit one that does not replace the existing intake of intact fruit and still favors the majority of intake being intact fruit?

FACTORS INFLUENCING WHETHER INDIVIDUALS ACHIEVE 5 SERVINGS A DAY
================================================================

In one sense, 5-a-day campaigns have been extremely successful. It is widely known that the eating of fruit and vegetables is an essential aspect of a healthy diet. Supermarket shelves have many food items labeled with the banner "one of your five-a-day." There is no need to say this refers to 1 portion of the recommended fruit and vegetable servings or why it is beneficial: it can be assumed that people understand the implicit message.

However, because the majority of the population fails to consume the required amounts, it is apparent that it is insufficient to merely convey basic information to consumers. After identifying 50 trials with children, a Cochrane review concluded that "the evidence for how to increase fruit and vegetable consumption of children remains sparse."[@nuz031-B8] To increase consumption there is a need to understand the basic motivations that prevent the choice of fruit and vegetables and to offer solutions that minimize their impact. In this context, it was argued that fruit juice successfully addresses many problems and therefore has the potential to help achieve the recommended intake.

The likelihood of consumption varies with a range of social and psychological parameters. A survey in New York found that 50% of the population ate [\<]{.ul}1 portions a day[@nuz031-B6]: low levels of education and being male were associated with a lower intake. Other problems included no convenient access to fresh produce and the high cost of produce. In another US study, those trying or not trying to increase intake were compared.[@nuz031-B7] Those not trying to change their diet were more likely to be male, younger, and have a higher body mass index (BMI). Barriers to consumption included the impression that fruits and vegetables took time to prepare; they do not stay fresh for long so are not readily available in the home; they were costly; and they do not satisfy hunger.[@nuz031-B7]

Psychosocial factors
--------------------

A review of psychological and social factors that influence consumption concluded that there was strong evidence that the eating of fruit and vegetables was influenced by self-efficacy, social support, and knowledge.[@nuz031-B9] There was weaker evidence for the influence of attitudes/beliefs, perceived barriers to consumption, the intention to change, and autonomous motivation.

According to social cognitive theory,[@nuz031-B10] self-efficacy is a major factor in determining the setting of goals and the resulting effort that is expended. There is a distinction between "outcome expectancy" (the estimation that a certain outcome will result following a given behavior) and "efficacy" (the belief you can successfully carry out that behavior). What is important is not only basic information, but how the individual interprets the relevance of that information to his or herself. That is, although it might be fully accepted that fruit and vegetable intake results in better health, an individual will have little motivation if there is also a perception that he or she is unable to perform the relevant behavior.

As an example, Kreausukon et al[@nuz031-B11] compared interventions aimed at increasing intake, based on either giving basic information or, in addition, enhancing self-efficacy. The control group received information concerning general health and nutrition education, whereas a second group, in addition, received a program that focused on self-efficacy and planning. For example, they planned when, where, and how they intended to consume fruit and vegetables. Both the intention to consume and the amount consumed were greater in those who received self-efficacy training.

Self-determination theory distinguishes autonomous from controlled motivation. When a person fully endorses a behavior and experienced choice, this is said to reflect "autonomous (intrinsic) motivation." When you feel coerced, experience pressure and obligation, this is said to reflect "controlled (extrinsic) motivation." McSpadden et al[@nuz031-B12] reported that, whereas autonomous motivation was positively related to intake, there was a negative association with controlled or extrinsic motivation. An example of a question related to autonomous motivation is "I eat fruit and vegetables because I want to take responsibility for my own health" whereas a controlled motivation question was "... because I want others to approve of me." This type of finding is important because, when trying to change human behavior, some basic information is necessary, although this can be provided relatively easily; the difficult part is generating the motivation to act on that information.

The nature of motivation is particularly relevant when considering health-related behavior. Many such behaviors reflect extrinsic motivation: that is they are not carried out for current enjoyment but for some subsequent reward such as social approval. In contrast, intrinsic motivation results in freely chosen behavior that reflects core beliefs and values, and carrying it out generates spontaneous rewards and satisfaction.

It has been found that intrinsic motivation is more likely to result in better outcomes than extrinsic motivation.[@nuz031-B13] There is a greater likelihood that you will continue to engage in a behavior when is intrinsically motivated,[@nuz031-B14] when it is carried out for its own sake and thus there is engagement and effort. Deci and Ryan[@nuz031-B15] identified 3 factors that lead to intrinsic motivation and hence the initiation of behavior: competence, one must have the ability to do the job; autonomy, one must be free to make one's own decision without any coercion; relatedness, one should feel cared for, supported, and connected to others.

Efficacy and social support[@nuz031-B9] have parallels with the factors that benefit intrinsic motivation, competence and relatedness.[@nuz031-B15] In addition, knowledge[@nuz031-B9] and autonomy have been mentioned.[@nuz031-B15] Below it is argued that fruit juice, rather than intact fruit, is more likely to generate feelings of self-efficacy and hence is more likely to be associated with long-term changes in diet.

Motivation to drink fruit juice
-------------------------------

The major reasons for not consuming 5 servings of fruit and vegetables a day relate to practicalities, convenience, and the effort required. Fruit juice offers a solution to many of these problems, and hence has the potential to increase consumption. Juice is convenient, easily transportable and requires no preparation. It can be stored in bulk because it has a longer shelf life than fresh products. It does not need preparation, and because it can be stored at home, additional visits to the supermarket are unnecessary. It can be consumed on the move, and its taste makes it attractive to many. Juice is also a cheaper method of purchase: it can take about fifteen oranges to make a liter of juice, yet in a supermarket the juice costs about a quarter of the price of intact fruit.

From a psychological perspective the perceived problems related to fruit and vegetable consumption will reduce feelings of efficacy[@nuz031-B10] and competence[@nuz031-B15] and will reduce intrinsic motivation and hence the likelihood of regular consumption. Because consuming juice can overcome these problems, the likelihood of consumption is increased. "Efficacy" is central: there has to a belief that one can successfully carry out the necessary actions. The juiced rather than intact variety is associated with feelings of efficacy and competence, with the possibility that this will generate intrinsic motivation. Few people will feel unable to open a carton or bottle.

POSSIBLE NEGATIVE CONSEQUENCES OF CONSUMING JUICE
=================================================

Even if one accepts the argument that it is easier to encourage the consumption of juice rather than intact items, any recommendation to consume juice requires evidence that a similar benefit results as with whole fruit. Those arguing that fruit juice should not have a role in the 5 servings a day, typically claim that the sugar in juice results in obesity and that the removal of fiber reduces its nutritional quality.

For brevity, a brief overview of the literature has relied on the quoting of systematic reviews and meta-analyses. Such balanced independent summaries prevent the cherry-picking of papers to support a preexisting point of view and, when considering public health, indicate the most common response.

Fruit juice, caloric intake, and obesity
----------------------------------------

When the French government reassessed their dietary guidelines in 2016, it was decided that fruit juices should be classified as a sugary drink rather than being placed in the fruit category. Although in France it is still possible to count juice as part of the 5 a day, there was clearly a concern about sugar and obesity. The medical campaigning group Action on Sugar[@nuz031-B16] goes as far as recommending the removal of fruit juice from the diet to help reduce obesity. Such a view gained support from Jebb,[@nuz031-B17] who, when she was the advisor on obesity to the United Kingdom government, suggested that orange juice should no longer be 1 of the 5 a day. She stated that orange juice contains as much sugar as fizzy drinks and is absorbed so quickly that by the time it gets to one's stomach one's body doesn\'t know whether it's Coca-Cola or orange juice. However, should sugar that is intrinsic to fruit be viewed in a similar manner to the sugar added to soda?

There is considerable evidence that the consumption of sugar-sweetened beverages (SSBs) is a risk factor for obesity, and because fruit juice contains intrinsic sugar, the 2 have often been lumped together. Sugar increases palatability and thus increases intake without there being sufficient calorie compensation at the next meal.[@nuz031-B18] In addition, the reduced level of fiber in juice has been viewed as reducing satiety. However, an interesting approach was to give orange juice 3 times a day, either with or between meals[@nuz031-B19]; when consumed with a meal, the juice resulted in lower fat mass and gamma-glutamyl transferase levels, a measure of liver functioning. In contrast, consumption between meals increased body fat and decreased insulin sensitivity. However, preload studies should be viewed only as hypothesis generating because energy compensation can take place over a longer period than these studies monitor.[@nuz031-B20] The important question is whether, over time, drinking fruit juice increases body weight to the extent that there is an increased incidence of disease.

A meta-analysis illustrates a common problem.[@nuz031-B21] When 20 cohort studies of children and 7 studies of adults were summarized, the consumption of SSBs was associated with weight gain over the course of a year. However, the definition of SSBs involved adding together soda, sweetened beverages, sports drinks, and generic fruit drinks. As such, nothing can be concluded about 100% fruit juice. There is a need to distinguish 3 types of drink; those sweetened with sugar that contain no fruit juice; drinks with less than 100% fruit juice that are sugar sweetened; and 100% fruit juice to which no extrinsic sugar has been added. Is 100% fruit juice only guilty by association, or does it predispose to obesity in its own right?

Children
--------

Consumption by children has attracted particular attention. The American Academy of Pediatrics[@nuz031-B22] acknowledges potential benefits but also the possibility of the detrimental consequences of drinking fruit juice. In those aged \<6 years, there is the possibility of diarrhea, dental caries, and the development of an allergic reaction to orange. After this age, fewer issues arise, although the possibility of weight gain has been a concern for some. The consumption of whole fruit rather than a drink was encouraged, although it was unclear why these were viewed as alternatives: drinks quench thirst and prevent dehydration, whereas there are different motivations to eat whole fruit. A systematic review found that in those aged \<12 years, SSBs were associated with total and central adiposity, whereas drinking 100% fruit juice was not.[@nuz031-B23] However, in those aged \<5 years, there was some evidence that juice was associated with greater body weight. A later review concluded, "Consumption of 100% fruit juice is associated with a small amount of weight gain in children ages 1 to 6 years that is not clinically significant, and is not associated with weight gain in children ages 7 to 18 years."[@nuz031-B24] Again, it is essential to distinguish 100% fruit juice from sugar-sweetened products. The recommendation of the American Academy of Pediatrics is that no more than 4--6 fluid ounces, or 100--130 mL per day of juice, be consumed by young children.

Adults
------

The 2 Nurses Health Studies and the Health Professionals Follow Up cohort were integrated to produce a cohort of 120 877 participants,[@nuz031-B25] and over 4 years changes in the intake of foods were related to changes in weight. An increased intake of french fries was associated with an annual increase in weight of 0.84 lbs (380 g); potato chips (crisps) with 0.42 lbs (192 g); SSBs with 0.25 lbs (113 g); and fruit juice with 0.08 lbs (35 g). In contrast, an increased fruit intake decreased weight by −0.12 lbs a year (55 g). It was suggested that the small effect of fruit juice on body weight reflected its consumption in small quantities and a tendency to have 1 rather than multiple servings. These findings assumed that the portion of fruit juice was 240 mL, and if instead the recommended portion of 150 mL had been consumed, the annual increase in weight would have been 0.05 lbs (22 g) a year. In fact, the findings cannot be taken at face value because the studies were not able to distinguish 100% fruit juice from sweetened beverages, and inevitably, in part at least, the results reflected added sugar.

In fact, many studies have found that the consumption of fruit juice was associated with lower body weight. Pereira and Fulgoni[@nuz031-B26] used National Health and Nutrition Examination Survey data (NHANES) to examine the influence of 100% fruit juice. Although only 28% of participants consumed fruit juice, they were more insulin sensitive, had a lower risk of obesity, and were less likely to have metabolic syndrome. Similarly, a sample of 13 971 from the 2003--2006 NHANES survey found that those adults who consumed 100% orange juice had a lower BMI, waist circumference, and percentage body fat,[@nuz031-B27] although these effects of orange juice were not found in children and adolescents. More recently, a Canadian study examined 26 340 individuals and found that fruit intake was inversely related to BMI, waist circumference, and the percentage of fat mass,[@nuz031-B28] with a broadly similar pattern being associated with 100% fruit juice but not vegetables.

Celis-Morales et al[@nuz031-B29] collected data in 7 European countries and identified factors that predicted adult obesity. A greater BMI was associated with a higher energy intake, eating red meat, and consuming SSBs. In contrast, a lower BMI was associated with a greater intake of whole grains, fruits and vegetables, and a Mediterranean diet, as well as consumption of fruit juice.

The picture is that at any point in time the consumption of fruit juice is associated with a lower BMI.[@nuz031-B26] However, if you change your diet and consume additional calories, over time your body weight will rise[@nuz031-B25]; this is true regardless of the source of additional calories. As such, fruit juice is no different than other food and is better than many because it produces a relatively small increase in weight. The Harvard studies[@nuz031-B25] found that juice increased weight by only 0.05 lbs (22 g) a year, although there had been no correction for the increase in calorie intake that may well explain the finding. Similarly, when, over 3 years, weight was monitored in 49 106 postmenopausal women,[@nuz031-B30] each additional daily serving of 100% fruit juice was associated with an annual gain of 0.13 lbs (59 g).

Hebden et al[@nuz031-B31] reviewed studies that related fruit consumption to adiposity. Four of 6 cross-sectional studies found that fruit consumption was associated with a lower level of at least 1 measure of adiposity. However, none of 11 intervention trials found that increased consumption was influential in this respect, although the trials tended to be small and lasted 4--12 weeks.

Hebden et al,[@nuz031-B31] also concluded that fruit juice increased weight over the long term---that is, allegedly fruit and fruit juice had opposite effects, This conclusion was based on 8 mostly large prospective cohorts, of which only 1, the smallest, had distinguished drinking fruit juice with or without added sugar. All other surveys used the Harvard Willett Food Frequency Questionnaire, which simply asks the frequency that fruit juices were consumed but does not distinguish juice to which sugar has and has not been added. When generically reporting the consumption of fruit juice, it is inevitable that 100% fruit juice and sugar-sweetened juice will be treated as one. As more extrinsically sweetened juice is consumed, it follows that nothing can be concluded about 100% fruit juice. Given that, when these types of juices are distinguished, the outcomes differs[@nuz031-B23]^,^[@nuz031-B26] this is a serious problem. The hypothesis that needs testing is that adding sugar to juices results in a heavier weight, whereas 100% fruit juice does not.

When Rampersaud and Valim[@nuz031-B32] more specifically reviewed the relationship between orange and grapefruit consumption and anthropometric measures, they found a lower BMI in those who consumed juice, although intervention studies found no influence. They concluded that moderate consumption of citrus juices "do\[es\] not appear to negatively impact body weight, body composition, or other anthropometric measures in children and adults."[@nuz031-B32]

The picture is that a dietary style commonly associated with a lower BMI includes both intact fruit and juice. However, in terms of increasing energy intake, since fruit juice is a minor problem compared with a range of more calorific foods,[@nuz031-B25] it should be consumed in moderation to ensure that calorie intake does not markedly increase.

It is noteworthy that rather than playing a major role in calorie intake, fruit juice consumption decreases throughout life.[@nuz031-B33]^,^[@nuz031-B34] A systematic review found that Germans consumed the most fruit juice and Italians consumed the least, but in a range of countries, consumption decreased with age.[@nuz031-B34] Thus, if a reduction of the consumption of fruit juice is recommended, it will affect a minority who drink juice, and this minority decreases consumption with age. In addition, for many years the juice industry has bemoaned the fact that overall consumption has continually declined. Between 2013 and 2016 consumption declined by 10% in Germany and Spain, 12% in the United Kingdom, and 15% in France.[@nuz031-B35] Between 2008 and 2012, there were falls of 8% in Australia and 6% in New Zealand.[@nuz031-B36] Between 1994 and 2016, consumption of orange juice in those under 20 years of age in the United States declined 10.5 pounds a year, and in adults there was a fall of 6.1 pounds.[@nuz031-B37]

Fructose
--------

One viewpoint has been to emphasize the influence of fructose, as in 2004 it was hypothesized that it was a primary cause of the obesity epidemic[@nuz031-B38]: in the United States the increased consumption of high fructose corn syrup paralleled the rapid increase in the incidence of obesity.

One reason for being concerned about fructose consumption is that it has been proposed that the nature of its metabolism in the liver predisposes towards lipogenesis. However, a meta-analysis of 14 trials that considered the impact of exchanging fructose in the diet for other carbohydrates concluded that it did not increase postprandial triglycerides.[@nuz031-B39] However, when fructose consumption resulted in excessive energy intake, the levels of postprandial triglycerides increased. That is, raising energy intake increases triglycerides, but the form of the sugar consumed is unimportant. Other meta-analyses of human data have come to similar conclusions, ie, "fructose does not cause biologically relevant changes in triglycerides or body weight."[@nuz031-B40] In 11 studies carried out for up to 13 weeks, in only 1 did the levels of triglycerides increase, and in this case baseline values were unusually low, possibly resulting in regression to the mean. The triglyceride levels did not increase in women consuming up to 133 g/day and men consuming 136 g/day of fructose---that is, even intakes vastly in excess of normal levels of consumption were without effect.

In this context, the use of stable isotopes is particularly informative because it allows researchers to see, in the intact individual, where fructose ends up. The hypothesis is clear: if fructose is especially associated with fat deposition, then the isotope should end up in fat. A review of human isotopic tracer studies concluded that \<1% of fructose was converted to plasma lipids.[@nuz031-B41]

The World Health Organization[@nuz031-B3] report on sugar intake commissioned a meta-analysis that considered 30 randomized controlled trials (RCTs) and 38 cohort studies.[@nuz031-B42] It concluded that when sugars were exchanged for other carbohydrates, while maintaining a constant energy intake, body weight was not affected. In contrast, with ad libitum diets, a higher sugar intake was associated with increased weight. Thus, if food intake is modified, any change in body weight appears to reflect a change in total energy intake rather than the provision of fructose. Again, when 31 isocaloric and 10 hypercaloric trials were examined, in isocaloric trials fructose had no influence on body weight. However, when large amounts of fructose were added to the diet, body weight increased.[@nuz031-B43] Because those who are overweight may differ metabolically---for example, in terms of insulin resistance or glucose tolerance---this group was considered separately. A similar conclusion resulted: "There is no evidence which shows that the consumption of fructose at normal levels of intake causes biologically relevant changes in triglycerides or body weight in overweight or obese individuals."[@nuz031-B43]

A consistent picture has emerged. When fructose replaces other carbohydrates that provide a similar number of calories, there is no specific influence on body weight. Rather, weight gain reflects the general overconsumption of calories from any dietary source. As such, the fructose provided by fruit juice, other than the calories it provides, does not predispose to obesity. A major problem for those seeing sugar as the major cause of obesity is that the intake of added sugars has progressively decreased. In the United States between 1999--2000 and 2007--2008, the intake of added sugars was reduced from 100.1 gram/day to 76.7 gram/day,[@nuz031-B44] yet the incidence of obesity continued to rise.

Fiber
-----

Fiber plays an important role in a balanced diet because it helps to prevent heart disease, diabetes, and some cancers.[@nuz031-B45] Thus, for some, a major problem associated with the consumption of juice is the removal of fiber. When juicing, the skin and pulp, both good sources of fiber, are often not included. However, when juice is made by pulping the whole fruit, fiber is provided.

In Europe, the recommended fiber intake is 25--32 g/day for women and 30--35 g/day for men.[@nuz031-B45] Yet when data from 14 European countries were considered, the average intake was less than that recommended. In males aged 20--35 years, the highest average intake was 26 g/day in Germany, Norway, and the United Kingdom. The lowest average was 14 g/day in Belgium; whereas in France, Italy, and Austria it was 16 g/day.[@nuz031-B46] In the United States the average intake was 16 g/day,[@nuz031-B47] a value that compares with a recommendation of 38 g/day for men and 25 g/day for women.[@nuz031-B48]

In this context, the drinking of juice has been viewed as reducing the intake of fiber. There appears, however, to be an implicit assumption that if an individual stops drinking juice they will start eating whole fruit. The basis for this unlikely expectation is unclear because the dietary roles played by fruit and a beverage are very different. Why should juice and intact fruit be viewed as alternatives? If an individual drinks juice at breakfast, its removal will result in consuming an alternative beverage. Throughout the day thirst will lead to having a drink, or individuals drink because it is appropriate in a social setting where fruit is not available or when consumption would be socially inappropriate.

There is also another implicit assumption---that fiber can be viewed in a homogeneous manner. However, there are many different types of fiber with different physiological consequences; for example, they impact differently on the gut microbiota.[@nuz031-B49] Thus, too much emphasis should not be placed on increasing the intake of any 1 type of fiber, but rather it should be ensured that it is obtained from a range of fruit, vegetables, cereals, bran, nuts, and seeds. A more sophisticated recommendation is required than suggesting the removal of fruit juice from the diet. Although the findings need to be treated cautiously, a meta-analysis[@nuz031-B50] found that cereal and, to a lesser extent, vegetable fiber were associated with lower total mortality, although fruit fiber was not.

Although the logic appears muddled, one argument for not consuming fruit juice is that it contains less fiber than intact fruit. Yet nobody would suggest stopping eating meat or fish because they contain no fiber: rather, the overall contribution made to the diet justifies their consumption. Similarly, any recommendation to consume fruit juice must be made in the context of the entire diet, such that the addition would have a positive impact.

In fact, there have been many reports that the consumption of juice is associated with a better quality diet, including a greater consumption of intact fruit and vegetables and hence more fiber. A roundtable of experts concluded that removing juice from the diet would reduce daily fruit consumption and increase the drinking of SSBs.[@nuz031-B51] In the United Kingdom those drinking 100% fruit juice were 42% more likely to achieve 5 a day because there was also a greater intake of whole fruit and vegetables.[@nuz031-B52] In a French representative sample, the consumption of juice was associated with a diet of higher quality with a higher intake of fruits and vegetables than with nonconsumers.[@nuz031-B53] Importantly, fruit juice had a greater influence on the fruit and vegetable intake of those with lower socioeconomic status, such that the removal of juice from the diet of the financially less well-off would have a greater impact on the healthiness of their diet.

Possible negative influences of fruit juice
-------------------------------------------

In summary, the fructose associated with fruit sugar is no more likely to be stored as body fat than other sugars. Although when juiced, less fiber is consumed than with intact fruit, there is no reason to believe that intact and juiced fruit should be viewed as alternatives; they are consumed in different circumstances. In fact, those consuming juice tend to consume more intact fruit and vegetables with an associated greater intake of fiber.

BIOACTIVE MOLECULES
===================

When considering the role of fruit juices, a major factor is that they are a rich source of vitamin C, carotenoids, and polyphenols. However, to demonstrate a parallel between juice and intact fruit, there is a need to show that they act in a similar manner.

A first question is does processing influence the properties of juice? Commercial rather than domestic squeezing has been reported to extract 25% more vitamin C, and pasteurization slightly increased the levels extracted from solids. Pasteurization, concentration, and freezing did not affect the total antioxidant capacity due to vitamin C.[@nuz031-B54] Similarly, when 7 juices were compared, fresh and commercially processed juices (no extrinsic sugar) were similar in terms of total phenolic content and antioxidant activity. However, the levels were lower when fruit drinks were sweetened with sugar and contained a smaller proportion of fruit juice.[@nuz031-B55] The importance of polyphenols in juices is indicated by their high correlation with total antioxidant activity: it is associated with the total phenolic rather than vitamin C content,[@nuz031-B56] although levels will differ with the method of preparation and may decline depending on nature of storage.

A second question is whether juice consumption impacts human physiology? Because fruit juice delivers compounds that improve antioxidant status, Crowe-White et al[@nuz031-B57] subjected the topic to systematic review. The summated evidence from 10 trials suggested that 100% fruit juice improved a range of antioxidant biomarkers and the levels of other nutrients. For example, adding orange juice to the normal diet 3 times a day for 3 weeks increased the blood levels of vitamin C (59%), folate (46%), carotenoid (22%), and flavanone (8 fold).[@nuz031-B58] Silveira et al[@nuz031-B59] asked normal-weight individuals to consume red orange juice each day for 8 weeks. Low-density lipoprotein (LDL) cholesterol and C-reactive protein levels decreased, whereas antioxidant activity in serum increased and insulin resistance and systolic blood pressure declined.

Vitamin C
---------

Water-soluble vitamin C fulfills a wide range of functions. Having antioxidant properties, it protects against the damage caused by free radicals that have a role in aging and the development of cancer, heart disease, and arthritis. It is also involved in healing wounds and maintaining connective tissues and the structure of blood vessels, skin, and bone. Various fruit juices are good sources of vitamin C, including guavas, kiwi, black currents, strawberries, oranges, and papayas.

Sixty-two percent of British children aged 4--10 years consumed fruit juice, something true of only 37% of those aged \>65 years. In children, beverages provided 32%--39% of their vitamin C: 14%--19% came from fruit juice and 8%--20% came from soft drinks. Although fruit provided 22% of the vitamin C of those aged 4--10 years, the percentage fell to only 12% in those aged 11--18 years. However, the contribution of fruit juice increased in adults to 19%--24%.[@nuz031-B60] Thus, fruit juices make a substantial contribution to the total intake of vitamin C, although there are subgroups who are at risk of deficiency. When 15 769 individuals aged 12--74 years in the United States were studied, although the average intake and blood levels of vitamin C were above the suggested levels, 14% of males and 10% of females were deficient, with smokers being particularly at risk.[@nuz031-B61]

Another meta-analysis considered 29 trials and concluded that supplementation with vitamin C reduced blood pressure.[@nuz031-B62] When nurses were followed for 16 years and the development of coronary heart disease was monitored,[@nuz031-B63] a higher intake of vitamin C was associated with a lower risk. When serum ascorbate concentrations were assessed during the second NHANES survey, mortality 12--16 years later was greater in men, but not women, in those with a low intake of vitamin C.[@nuz031-B64] Ashor et al[@nuz031-B65] pooled the data from 44 clinical trials where orange juice had been added to the diet. They found improvements in endothelial functioning in those with atherosclerosis, diabetes, or heart failure. The effects were stronger in those with a higher risk of cardiovascular disease.

A meta-analysis[@nuz031-B66] considered the influence of vitamin C on the glycemic response. Vitamin C reduced the levels of blood glucose in those with type 2 diabetes mellitus (T2DM) if the intervention was \>30 days. The effect on fasting insulin levels was greater after a meal and in those who were older.

A British study that considered those with a low income found that 25% of men and 16% of women had blood levels of vitamin C indicative of deficiency, with a further 20% having levels in the depleted range.[@nuz031-B67] Although a poor diet is the most usual cause of poor vitamin C status, smoking, pregnancy, a low income, and strenuous exercise may play a part. When those of normal weight were compared with those who were obese, the latter had a lower intake of vitamin C and were more likely to be deficient.[@nuz031-B68]

In summary, a good vitamin C status is associated with a range of health benefits. Because juices make a substantial contribution to the level of vitamin C intake, their removal from the diet may reduce vitamin C status with the risk of an adverse influence on health.

Carotenoids
-----------

More than a thousand carotenoids fall into 2 classes, xanthophylls and carotenes, that are found in fruit and vegetables that are colored orange, red, or yellow. Humans do not synthesize carotenoids, so to benefit they must be part of the diet. Carotenoids act as antioxidants, and beta-carotene can be converted into vitamin A. Vegetables, such as carrots and spinach, are a good source of carotenoids, but carotenoids are also found in plums, apricots, mangoes, colored melons, peaches, nectarines, sour cherries, and some citrus fruits such as red grapefruits, tangerines, and oranges. Particular attention has been directed to lycopene, a bright red carotenoid found in tomatoes, guavas, watermelon, papaya, and pink and red grapefruit.

The levels of carotenoids in the human skin are an indicator of the antioxidant status of the body. Although there are richer sources of carotenoids, adding orange juice to the diet increases the bodily levels. Drinking orange juice for 25 days increased carotenoid status by 10%--15%, depending on starting values.[@nuz031-B69] Values, however, returned to baseline levels within 3 days of stopping drinking the juice.

As needed, beta-carotene is converted into vitamin A, which has important roles in the functioning of the immune system, mucus membranes, vision, and the skin. Given the clear evidence that the consumption of fruit and vegetables reduces the incidence of various diseases,[@nuz031-B5] their powerful antioxidant properties makes it likely that carotenoids are part of the underlying mechanism.

Due to the antioxidant properties of carotenoids, their consumption is being related to the incidence of head and neck cancer. A meta-analysis of epidemiological studies found that when compared with the lowest level of intake, higher levels of beta-carotene were associated with a relative risk of 46% of developing oral cancer and 57% of developing laryngeal cancer. In addition, lycopene, alpha-carotene, and beta-cryptoxanthin were all associated with a reduction in the rate of oral and pharyngeal cancer of at least 26%.[@nuz031-B70] Similarly, a meta-analysis[@nuz031-B71] considered prospective studies that had related blood concentrations of carotenoids to the development of breast cancer. An inverse association was found between the total level of carotenoids and the subsequent development of cancer; more specifically, there was a negative association with beta-carotene. Intakes of beta-carotene and alpha-carotene have also been associated with the incidence of gastric cancer.[@nuz031-B72] In addition, those consuming higher rather than lower levels of alpha-carotene, beta-carotene, and lutein/zeaxanthin had a reduced risk of developing non-Hodgkin's lymphoma.[@nuz031-B73]

However, the evidence is not all positive; no association was found in meta-analyses between carotenoids and the risk of colorectal cancer.[@nuz031-B74] Similarly, a review[@nuz031-B75] found no association between carotenoids or vitamin A and the development of Parkinson's disease.

Particular attention has been paid to lycopene, the most powerful antioxidant found in food. A review of a total of 692 012 individuals found relationships between lycopene consumption and the risk of prostate cancer. The risk decreased by 1% for every additional 2 mg of lycopene consumed and reduced by 3.5% for each additional 10 mg/dL of circulating lycopene.[@nuz031-B76] Similarly, a meta-analysis found that a greater exposure to lycopene was inversely associated with a lower risk of cardiovascular disease.[@nuz031-B77]

The above series of meta-analyses provides evidence of a beneficial association between both the intake and blood levels of carotenoids and various disease states. There have been, however, relatively few intervention studies. Forty elderly men with benign prostrate hyperplasia received either 15 mg/day lycopene or a placebo for 6 months. The level of serum prostate-specific antigen was reduced in those taking lycopene, but not the placebo, and prostate enlargement continued in the placebo group but not the lycopene group.[@nuz031-B78] However, in a similar trial, men with high-grade prostatic intraepithelial neoplasia consumed either lycopene or a placebo for 6 months. No differences in prostrate-specific antigen resulted, and the prevalence of cancer, atrophy, and inflammation were similar.[@nuz031-B79] In African Americans who had been recommended for a prostrate biopsy, lycopene supplementation for 3 weeks did not change the DNA oxidation product 8-oxo-deoxyguanosine or the lipid peroxidation product malondialdehyde in prostrate tissue.[@nuz031-B80]

While accepting that RCTs offer the strongest evidence, there are good reasons not to place too great a reliance on the present intervention data. There are relatively few studies of short durations, when disorders such as cancer may develop over many years, even decades. To date, the intervention studies are best seen as pilot studies because they have used small sample sizes and therefore had little chance of picking up any but dramatic improvements, when any effect is more likely to be subtle. Future intervention studies that look for changes in the risk of developing the disease will need to be on a large scale and over an extended period.

Because epidemiology tracks the development of disease over many years, it is appropriate to use the criteria of Bradford-Hill[@nuz031-B81] that allow a causal relationship to be presumed. In the same way that such an approach was necessary to relate cigarette smoking and lung cancer, the influence of carotenoids may well be insidious, impacting only slowly over time. Bradford-Hill[@nuz031-B81] suggested that the larger the association, the more likely it was to be causal: several of the above meta-analyses reported large effect sizes. That the conclusion is supported by a series of meta-analyses satisfies the second criterion; there must be consistency with similar findings being reported by different researchers using different samples. The cause must occur before the effect: in this instance either dietary intake or blood levels were related to the subsequent development of disease. A biological gradient is also supportive, and some of the above meta-analyses related a range of intakes of carotenoids or blood levels to a lower incidence of disease.[@nuz031-B76] A consistency of epidemiological and laboratory findings was also supportive, and in this instance, lycopene has, in vitro, been reported to reduce the growth of cancerous cells.[@nuz031-B82] Finally, plausibility---are there mechanisms that would be expected to relate cause to effect? In the present instance, the antioxidant effect of carotenoids provides a plausible mechanism. In summary, the existing evidence looks promising, although in an ideal world, clinical trials would confirm the beneficial influence of carotenoids. However, if the influence of these phytochemicals is long term, their effects will be difficult to demonstrate using this approach.

Polyphenols
-----------

Fruit high in polyphenols includes blueberries, cherries, cranberries, pomegranates, apples, apricots, grapefruits, oranges, red grapes, raspberries, strawberries, blackberries, gooseberries, plums, and kiwis. One group of flavonoids, the anthocyanins, which give plants their red, purple, and blue color, are attracting increasing interest for their antioxidant, anti-inflammatory, and antiviral properties. They are found particularly in purple grapes, cherries, raspberies, blueberries, and plums.

Silveira et al[@nuz031-B83] examined the pharmacokinetics of the main flavanone glycosides found in oranges, hesperidin, and narirutin: they found no differences in the dynamics of freshly squeezed and processed juice. After a single drink, levels peaked 2 hours after consumption and approached 0 after 12 hours, with none being measurable after 24 hours. Manach et al[@nuz031-B84] calculated the time scale following consumption of the levels of plasma polyphenols. Gallic acid and isoflavones were the most readily absorbed, followed by catechins, flavanones, and quercetin glucosides, although the kinetics differed. When part of the diet, the half-life of anthocyanins have been found to vary 1--4 hours; flavonols, 1--13 hours; flavanones, 1--3 hours; flavanols, 1--3 hours; and isoflavones, 4--8 hours.[@nuz031-B84]

Generalizations are difficult given the thousands of phenolic compounds that exist; there is, however, an impression that to maintain a high plasma concentration of polyphenols they need to be consumed regularly. For example, the flavones in orange juice, hesperidin, and naringin, have a half-life of about 2 hours in the blood. There remains a need for a greater understanding of the relationship between metabolic outcomes and consuming 100% fruit juice.[@nuz031-B57]

A particular interest is the role played by polyphenols in preventing cancer, heart disease, osteoporosis, and neurodegenerative disorders. A meta-analysis of 22 prospective studies related flavonoid consumption to all-cause mortality[@nuz031-B85]: a high intake reduced the risk of all-cause mortality (relative risk, 0.74). More specifically when 143 studies that considered cancer were integrated, in prospective studies the consumption of isoflavones was associated with a decreased risk of lung and stomach cancers, and an effect on breast and colorectal cancers just missed statistical significance.[@nuz031-B86] Some types of cancer appear to be more susceptible because no influence was found with either esophageal or colorectal cancer.[@nuz031-B87]

A large prospective cohort of health professionals[@nuz031-B88] reported that the intake of anthocyanidins, but not other flavonoids, was associated with a reduced risk of T2DM. Similarly in Finland, consuming blueberries, a rich source of anthocyanidins, was related to a lower risk of T2DM.[@nuz031-B89] A meta-analysis considered the association between the intake of flavonoids and risk of T2DM in 312 015 individuals followed up for up to 28 years. A higher intake of flavonoids reduced the risk of the disorder (relative risk, 0.89), which declined by 5% for each additional 300 mg that was consumed each day.[@nuz031-B90]

Because there are suggestions that flavonoids may influence the immune system, a systematic review related consumption to the incidence of upper respiratory tract infections and indices of immune functioning.[@nuz031-B91] Flavonoid supplementation decreased the incidence of respiratory infection by 33%, although measures of immune functioning were unaffected. Polyphenols did not, however, delay the onset of cognitive decline in older adults.[@nuz031-B92]

Summarizing the influence of the bioactive molecules supplied by fruit and fruit juice, meta-analyses of prospective cohort studies (but not RCTs) have found the consumption of carotenoids to be associated with a decreased incidence of a range of cancers. In particular, lycopene consumption has been found, in a dose-response manner, to be associated with a reduced rate of prostrate cancer. Similarly, a higher flavonoid intake results in lower all-cause mortality, and the intake of isoflavones reduces the incidence of lung and stomach cancer. The intake of flavonoids, in a dose-dependent manner, reduces the incidence of T2DM. An increased intake of vitamin C is associated with lower blood pressure and better control of blood glucose in T2DM.

FRUIT JUICE AND DISEASE
=======================

A series of prospective cohort studies and RCTs have considered the impact of consuming fruit juice (as opposed to particular bioactive molecules) on the risk of disease.

Cardiovascular disease
----------------------

Aune et al[@nuz031-B5] considered 22 studies where the consumption of fruit had been related to aspects of cardiovascular disease. Benefits were found with up to 10 portions a day, when the relative risk was 27% lower than when no fruit was consumed. In particular, there was evidence that a high rather than low intake of either apples/pears or citrus fruits was protective.

However, when considering juice, interventions lasted \>4 weeks in only a minority of studies. A cohort study[@nuz031-B93] related the intake of fruit juice over a 20-year period to the risk of cardiovascular disease. A higher consumption of juice was associated with a lower incidence of hypertension, although the levels of LDL, high-density lipoprotein (HDL), and triglycerides were not influenced. Consuming 330 mL of pomegranate juice each day for 4 weeks reduced both systolic and diastolic blood pressure.[@nuz031-B94] Similarly, after drinking 500 mL of orange juice each day for a month, the diastolic blood pressure of overweight men was reduced.[@nuz031-B95] Again, when men with mild hypertension consumed Concord grape juice, both diastolic and systolic blood pressure were reduced.[@nuz031-B96] However, other studies did not find that juice affected blood pressure.[@nuz031-B97]

Vascular functioning has also been considered. In a cross-over trial, those at an increased cardiovascular risk received 500 mL of red orange juice or a placebo for 7 days.[@nuz031-B101] Flow-mediated dilatation, a measure of the risk of cardiovascular disease, improved after consuming orange juice. However, there are other reports that fruit juice did not influence vascular functioning.[@nuz031-B94]^,^[@nuz031-B99]^,^[@nuz031-B100]

Similarly, blood lipids have been examined. Overweight women who engaged in aerobic training for 12 weeks either did or did not drink 500 mL of orange juice each day. The consumption of juice resulted in lower total cholesterol and LDL, higher concentrations of HDL, and a better LDL/HDL ratio.[@nuz031-B102] In another RCT, those with metabolic syndrome consumed 300 mL a day of a mixture of citrus-based juices for 6 months.[@nuz031-B103] Again, the levels of total cholesterol, LDL, and HDL declined. However, in other trials, fruit juice did not affect blood lipids.[@nuz031-B95]^,^[@nuz031-B98]^,^[@nuz031-B99]

In summary, a series of reports found that fruit juice reduced the risk of disease, although the findings are inconsistent and the amount of juice consumed tended to be in excess of the currently recommended level. In addition, most trials have been for a short period and have involved a small number of participants. Positive findings have, however, been reported often enough to suggest there should be further study of risk of cardiovascular disease.

Diabetes
--------

Systematic reviews have consistently reported that consumption of SSBs is associated with a greater risk of T2DM.[@nuz031-B104]^,^[@nuz031-B105] The evidence concerning fruit juice is less clear, although there are reports that, although SSBs increased the risk of T2DM, 100% fruit juice did not.[@nuz031-B106]

Imamura et al[@nuz031-B105] considered 17 cohorts and found an association between SSBs and diabetes. Similarly, drinking artificially sweetened beverages and fruit juice was also associated with a greater incidence of diabetes. The authors, however, commented that the findings were likely to involve bias, including the misclassification by participants of sugar sweetened fruit-based drinks as 100% fruit juice. Importantly there was a difference depending on whether the incidence of diabetes depended on self-report rather than medical records or biochemical assay. In the former instance, fruit juice was associated with the incidence of diabetes, although the relationship disappeared when more reliable medical or biochemical information was the basis for diagnosis.

Xi et al[@nuz031-B104] carried out a larger review. They considered 7 prospective studies that allowed the comparison of sugar-sweetened fruit juice and 100% fruit juice. Four studies provided 191 686 participants and 12 375 cases of T2DM in those who consumed sweetened fruit juice. They were contrasted with 137 663 participants who drank 100% fruit juice, who provided 4906 instances of T2DM: meta-analysis found that consuming sugar-sweetened fruit juice increased the risk of T2DM, whereas drinking 100% fruit juice did not.

Given the unavoidable difficulties that arise when interpreting this type of epidemiological study, it is important to consider RCTs. An obvious hypothesis is that the sugar in fruit juice has consequences for glycemic control that, over time, predisposes to diabetes. A meta-analysis of 18 RCTs[@nuz031-B109] summarized the effect of juice on insulin and the control of blood glucose. After consumption for at least 2 weeks, 100% fruit juice was found to have no effect on fasting blood glucose, fasting insulin, the Homeostatic Model Assessment for Insulin Resistance, or glycated hemoglobin---that is, fruit juice had no effect on glycemic control. This finding is similar to those randomized intervention trials that found little or no impact of increasing fruit and vegetable intake on biomarkers associated with metabolic diseases.[@nuz031-B110]

Cancer
------

Eating 5 servings a day of fruits and vegetables is part of the dietary recommendations of the World Cancer Research Fund/American Institute for Cancer Research. A protective effect is said to be "probable" for mouth, pharynx and larynx, esophagus, stomach, and lung cancer, whereas it is "limited suggestive" for nasopharynx, lung, ovary, endometrium, pancreas, and liver cancer.[@nuz031-B111] The role of dietary fiber in colorectal cancer was rated as "convincing."

Because fruits and vegetables are associated with only a few types of cancer, their potential may be limited in this area. However, dietary ﬂavonoids, of which citrus fruits and their juices are a rich supply, interfere with "carcinogen activation, stimulate carcinogen detoxiﬁcation, scavenge free radical species, control cell cycle progression, induce apoptosis, inhibit cell proliferation, oncogene activity, angiogenesis and metastasis as well as inhibit hormones or growth-factor activity."[@nuz031-B112]

Cirmi et al[@nuz031-B113] produced a systematic review that considered the potential of citrus juices to act as anticancer agents, looking at animal, in vitro, and human observational studies. It was concluded that citrus juices were a "potential resource against cancer." They, however, found only 2 human studies, and no conclusion was warranted until a range of longitudinal studies become available. The review of Aguilera et al[@nuz031-B114] found that, although some studies found that juice had a positive influence, others did not, and there was a need for studies that examined possible confounding variables such as an interaction with other dietary bioactive substances. In addition, emphasis should not be solely placed on diet as a list of other risk factors needs to be considered. At present, the role of fruit juice is unclear.

Gout and nonalcoholic fatty liver disease
-----------------------------------------

A meta-analysis considered 2 studies that included 125 299 participants and 1533 cases of gout concluded that fructose consumption was a risk factor. For example, Choi and Curhan[@nuz031-B115] studied 46 393 men for \>12 years and related the intake of soft drinks to the development of gout. The consumption of SSBs, but not diet soft drinks, increased the risk. It was suggested that fructose intake was involved because both fructose-rich fruits and fruit juices were risk factors.

It has also been proposed that fructose is a risk factor for nonalcoholic fatty liver disease. However, because it is known that obesity, insulin resistance, and T2DM are risk factors, any specific effect of fructose should be distinguished from any associated calories and change in body weight. Chiu et al[@nuz031-B116] integrated the findings from 7 isocaloric trials where fructose intake was compared with similar amounts of other carbohydrates. The effect of fructose was similar to other forms of carbohydrate; fructose as such did not predispose to the disorder. In contrast, when additional energy was added to a diet (21%--35% increase), changes in both intra-hepatocellular lipids and alanine aminotransferase suggested liver damage. Thus, only when fructose is consumed at levels greatly in excess of the typical level of intake was there a problem, an effect that may well reflect consuming excess energy rather than specifically the consumption of fructose.

DISCUSSION
==========

There are varying views concerning the impact on health of consuming 100% fruit juice. At one extreme it is viewed as a source of sugar that leads to obesity, and at the other it is seen as providing a range of bioactive molecules that benefit health. Yet, if one looks at the views of the national bodies setting food policy, after considering the full range of evidence, the majority give the same advice: fruit juice may contribute to the 5-day recommendation for fruit and vegetable consumption. For example, the US Dietary Guidelines state that 100% fruit juice may be consumed but in moderation.[@nuz031-B117] The potential benefits are considerable because there is overwhelming evidence that the consumption of fruits and vegetables benefits health.[@nuz031-B5]^,^[@nuz031-B118]^,^[@nuz031-B119] Because juice contains the same molecules as intact fruit, it is likely to have a contribution to make, although the emphasis needs to be on 100% fruit juice, rather than juices that are sugar sweetened. Unfortunately, to date, most of the literature has not distinguished 100% fruit juice, and therefore conclusions and recommendations confuse it with sugar-sweetened juice. However, both with weight gain in children[@nuz031-B23] and diabetes in adults,[@nuz031-B104] meta-analyses have found that sugar-sweetened juices are similar to other SSBs, although both differ from 100% juice. The negative consequences of SSBs were not found in those consuming 100% juice.

Yet, it is a minority of the population who achieve the recommended intake of fruits and vegetables,[@nuz031-B5]^,^[@nuz031-B6]^,^[@nuz031-B46]^,^[@nuz031-B120] and for practical reasons and convenience, there is resistance to making dietary changes.[@nuz031-B6]^,^[@nuz031-B7] However, if it is acceptable to count juice as 1 of the 5 servings a day, given the low level of fruit and vegetable intake, the recommendation that it be consumed on a daily basis is a small step to take. In the absence of alternatives, encouraging the daily drinking of fruit juice offers a simple and convenient way to increase the intake of fruit.

Those who advocate reducing the drinking of juice tend to worry that it leads to obesity; as in a similar manner to all food items, excessive consumption has the potential to result in weight gain. However, the majority of the population do not drink any fruit juice,[@nuz031-B26]^,^[@nuz031-B60]^,^[@nuz031-B61] and the total amount consumed by the population has been declining for many years.[@nuz031-B35] The frequency of consumption declines with age,[@nuz031-B33]^,^[@nuz031-B34] and when consumed, the average intake is small. Particularly in poorer sections of the population, juice may be the main source of fruit, and individuals would suffer if it was removed from the diet; it is this group that would be predicted to benefit most from adding juice to the diet.[@nuz031-B52]

However, any decision to encourage consumption would need to be accompanied by appropriate health education. Infants should not have a bottle that they can suck at will; there should be appropriate dental hygiene; consumption is better with a meal; there should be only moderate consumption; juice should not replace existing fruit and vegetables in the diet.

Although public health policy naturally considers the entire diet, there has been a tendency at a particular time to pay disproportionate attention to a specific nutrient. In the late 1970s the reduction of fat intake became a major objective. Salt reduction has been emphasized more recently. Currently the reduction of sugar is a major priority: for example, many of those wishing to reduce fruit juice in the diet emphasize the sugar content. Yet food items should be eaten in moderation as part of a wide-ranging and varied diet. The risk is that, if the emphasis is disproportionately on 1 nutrient, other dietary considerations will not attract the attention they deserve.

Should concentrating on the sugar content of fruit juice justify playing down the importance of other contributions? When 14 dietary factors were related to the burden from disease, the 6 factors most highly associated were diets high in sodium, low in vegetables, low in fruit, low in whole grains, and low in nuts and seeds.[@nuz031-B119] The authors commented, "A policy focus on the sugar and fat components of diets might have a comparatively smaller effect than that of promotion of increased uptake of vegetables, fruit, whole grains, nuts and seeds."

When it comes to public health, it is only possible to make the best guess given the current state of knowledge. If it is assumed that the obvious molecular similarities between intact and juiced fruit result in a similar health benefit, the effect of a portion of fruit juice can be estimated from the data of Aune et al.[@nuz031-B5] When 1 portion of fruit was eaten rather than none, all-cause mortality declined by 5.5%. Two portions of fruit a day reduced the risk by 11%, and three portions by 15.6%. The context of these findings is that an American survey found that only 12.2% of adults ate the recommended amount of fruit, whereas 9.3% met the recommendation for vegetables.[@nuz031-B121] Clearly, an increase of 1 portion a day would benefit the health of the vast majority. Similarly, a survey by the European Union found that most Europeans do not meet the recommended level of intake. In fact, only 4 of 19 countries had an average intake that reached that level.[@nuz031-B46] As an example, in the United Kingdom the average intake of fruit and vegetables, excluding the intake of juice, was 258 g/day, which amounts to 3.2 portions.[@nuz031-B46] As judged by Aune et al[@nuz031-B5] in their analysis, adding 1 portion to the existing average diet in the United Kingdom would decrease the risk of all-cause mortality by 3.9%.

Such findings should generate little surprise because, since 2003, the World Health Organization/Food and Agriculture Organization of the United Nations have advocated the consumption of fruit and vegetables to improve health. However, although it is an easy decision to recommend increased consumption, implementing such a recommendation has proved extremely difficult. There is considerable public resistance. Many countries have run public information campaigns, but their lack of impact can be judged by the current low levels of consumption. The critical question is, "How can this be increased?"

The reasons for not eating fruits and vegetables were discussed above. Essentially, there is the perception that it was often impractical and demanded time and effort. Many of the problems reflect the inherent nature of preparing and eating fruit and vegetables, problems that cannot be easily overcome. However, the convenience of fruit juice is an exception; it avoids most of the stated reasons for choosing not to consume.

Psychologically, a major factor is the feeling of self-efficacy---that is, the perception that you can succeed is basic to initiating and maintaining a behavior. Because consumption of juice is convenient and involves minimal effort, there is little reason to believe one could not drink juice. As such, the active encouragement to drink 1 portion of fruit juice a day stands a good chance of rapidly increasing fruit intake, when it is difficult to suggest alternative strategies. Given the association between increasing intake by only 1 portion and a decreased risk of death and disease,[@nuz031-B5] there is the potential for a policy of actively encouraging drinking 1 portion of fruit juice a day to benefit health.

However, the decline in the consumption of fruit juice over recent years[@nuz031-B35] is probably in part due to the emphasis on the sugar content, creating the perception that juice is unhealthy. A positive aura, emphasizing the bioactive molecules provided, will be needed to develop a perception that juice is a health food, rather than the current emphasis on its sugar content, which implies it is a junk food. Care would need to be taken to ensure that 100% fruit juice is consumed in moderate amounts and that it does not replace intact fruit. Although by no means solving the entire problem, a recommendation to consume juice offers a step in the right direction. Because it is convenient and avoids most of the reasons for not consuming, there is a good chance that dietary behavior will change.

Thus, the question is, "Should daily juice consumption be recommended in a world where it has proved very difficult to increase the intake of fruit and vegetables?" The argument is that the relatively attractive nature of juice and its convenience make it "low-hanging fruit." There is a second question: "Is there any alternative that has as good of a chance of increasing intake and therefore having such a large impact on health?" The conclusion will need to be considered separately for children and adults, and the debate will need to examine the consumption of polyphenols, carotenoids, and vitamin C. Any recommendation will need to be made in the context of the entire diet, such that the full range of foods consumed amounts to a balanced diet.

CONCLUSION
==========

The take-away message is that only a small proportion of the population achieves the 5-a-day recommendation for fruit and vegetable intake and it has proved difficult to increase consumption because of the practicalities, inconvenience, and the effort required when consuming whole fruit. Psychologically, believing that one can successfully carry out the behavior (self-efficacy) is fundamental to changing behavior. Because fruit juice avoids many of the reasons for not consuming intact fruit, it can promote self-efficacy and thus encourage consumption. This review does not suggest that fruit juice should replace intact fruit; in fact, the opposite is most likely, as, in practice, juice and intact fruit are consumed in different circumstances and are rarely alternatives. Because fruit juice offers a source of vitamin C, carotenoids, and polyphenols, increasing consumption has the potential to benefit health.
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